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Hydraulic model studies t o  reauce the turbulence in  the sub- 
' ject  flume have been ccmpleted. This report contains a discussion of 
the essential  t e s t s  nade i n  developing the  necessary corrective 
measures, together with the conclusions and recommendations. 

The Problem 

Water releases during the past summer th~augh the f i l e  River 
Parshall flume have shown that turbulence and surface waves in the flume 
approach made accurate measurenent of the flow i n  the flunte kapossible. 
Differences up t o  39 percent between current meter measurements and the 
theoretical discharge as  measured by the automatic recorder were 
observed, Figure 1. The je ts  f r o n t h e  gate openings struck the  7-foot 
5-inch step a t  the entrance t o  the fl-, causing large boils and sur- 
face disturbances which extended dormstream in to  the converging section 
of the flume, Figure 2. Surface undulations at the flume staff gage 
varied between 0.25 and 0.60 foot during prototype test runs, 

A complete report from Region 2 on the operation of the pm- 
totype flume is contained in  the Appendix. Essential. data from this  
report i s  tabulated below: 

C a n a l  Drop across W.S, variation 
depth Ha Theoretical Actual Percent gates , a t  staff gage 
(feet) (feet)  f l u t e  Q variation ( fee t )  ' Q - - ( fee t )  

1.7 2.0 243 39 k-l/2-5 0 -25 
14-3 3-75 500 5 2 - 2 4 2  -60 
14.0 4.64 636 673 6 1-1-1/2 .6O 

Model studies were  undertaken t o  determine the corrective 
measures necessary to  eliminate or reduce the  turbulence i n  the flume 
approach and thereby make the flume an accurate measuring device, 



I 
I , A 1:18 scale ,&el of the  structure was used i n  the studies, 

Figure 3. The model included a 216-foot length of the Fri~ut-Kern 
C a m  betveen Stations 516~495.93 and 5163+11.93, the f lume gate atruc- 
ture, and the Parshall . P l u m .  The extent of the model i s  uutlined by 
the heavy black line in Figure 4. 

* 
The quantity of water flawing i n  the Frlant-Kern Canal was \ 

measured by a ventus1 Ipeter. Releases through the Parshall flume were 
< measured by a stafP gage i n  the flume. 

Test Procedure 

Tha tes t s  were made with 3,500 second-feet flowing through 
the Friaat-Kern C a n a l .  The depth of water in the canal was varied with 
ELXI adjustable tai l  @;ate t o  correspond t o  depths observed in the proto- 
type. Releases t;hrargh the ParshaXl flume were controlled by sl ide 
gates and were varied between 250 second-feet and the mzxxinuam design 
discharge of 700 second-f eet  . 

The efficiency of the various corrective measures was 
evaluated by visual observations of the f l o w  i n  the flume approach and 
by measuring the height of waves or surges a t  the flume staff gage. 
The water surface fluctuations were measured with a point gage as the 
vert ical  distance between the minlnnlm trough and the maximum crest of 
the waves or surges passing the gage i n  a period of about 1 minute. 

The Investigation 

To verify tht the model accurately represented flow condi- 
tions i n  the prototype, the model first was operated w i t h  the f lume 1' 
approach similar t o  the prototype, Figure 5, and check& l a te r  with 
16-mm motion pictures furnished by the field. For comparison Kith the 
prototype, discharges of 250, 500, 630, and 700 second-feet with canal 
depths vary, ' .  from 14.1 to  17 feet  were set  up i n  the model flume. 

, The close dmilar i ty  between model and prototype is apparent by cam- 
paring ~ i & i ~ s - . 2  and 5. The b o i l s  at the entrance t o  the flum~? and the 
waves and surges in the flume are very pronounced in  both model and pro- 
totype. Water surface fluctuations measured i n  the model varied from 
0.25 to  0.54 foot as compared to  0.25 t o  0.60 foot i n  the prototype. 

Observations of the prototype design indicated that  the boils 
i n  the flume approach were caused prinarily by the jets fram the gates 
striking the vertical step a t  the flume entrance. It appeared that by 
replacing the vertical  step with a curved floor, the boils would  be 
reduced. Six approach floors, designated &proaches 1 thrau@;h 6, were 
tested. Wave heights measured with each approach in place indicated 



the gage Che greatest amcrunt. Approach 5 ,  which is a sitspler design 
and more easily constructed i n  the field, reduced the wave heights to 
0.09 foot for a discharge of 630 second-feet and t o  0.23 foot for  500 
second-feet. The boils at the flume entrance were materially rehced 
and the flar i n  the flume was f a i r ly  rzniform, Figure 7, 

It was evident fram the above t e s t s  that the approach floor 
. alone would not sufficiently reduce the surges in the flume to permit 

accurate measurement of the flow. Several tws of wave Buppressors 
in the form of sloping end --rticrrl curtain walls were tested i n  cam- 
binstion with Approach 5, Figure 6 ~ ,  I, /:and J. The curtain w a l l s  pro- 
vided only slight imgrovement i n  t3x flow approaching the flume. The 
jets  from the gates were directed under the curtain w a l l  and contirsued 
downstream with no appreciable reduction Ln the height of boils o r  
surges at the flfllPle entrance, 

It therefore became apparent that some means should be pro- 
vided t o  break up the Jet  as it left  the gates. Tests aa slotted walls 
(~esigns 5-D and 5-E, Figure dK and L) showed that some form of baffle 
placed on the floor of the amroach would reduce the boils or  surges 
from 0.23 foot to approximate* 0.10 foot, a considerable improvement 
over any of the designs previously tested. 

Therefore, t es t s  were conducted on various sizes aad spacing 
of baffle piers placed on We approach channel floor. Preliminary tgsts 
showed thst the best effect was ootained when the piers were located 
appmxiwttely .2 feet  damstream frola the gateo. %st8 were made on 
piers varying from 12 to 18 inches i n  width and frum 3 fee t  9 inches t o  
6 feet  9 inches i n  height. Both upstream and downstream faces of the 
pier were vertical with a si l l  9 inches high placed between tbe piers, 
Figure 626 ehroagh P. 

The baffle piers helped aaterially in further reducing the 
fluctuations i n  the flunre. They served to bmsk up the flow frona the 
gates and prevented the jets froin striking the approach floor and 
causing the boils snd turbulence at the f h a e  entrance. Wave heights 
measured with the piers installed varied fram 0.04 t o  0-33 foot und 
there w s s  verg l i t t l e  difference in performawe for piers 4 feet  
9 inches t o  6 feet  9 inches in height, Since the tests on t he  pre- 
liminary pier shapes showed that the height of pier had no appreciable 
effect on the amount of turbulence, a pier  height of 5 feet was 
arbitrarily choeen for  gore detailed study. 

Conventioardly shaped piers having a width of 12 and 18 
inches were tested, Figure3 6Q through T. Tests, which were made both 
with and without a s i l l  ~Iscebbetween the piers, shewed t h a t  the sills 



approxinmtely 01.07 iooi. u s o ,  s l ight ly  lonr A bights were 
obaemred when piers having a width of 18 inches rere installed. 

Figv~rrr 8 shows that the fltne operation wi.th 18-inch-wide 
piers and 9-l7n& frills and Approach 5 installed in  tbo mod.el. For 
flaws below 600, &coBd-feet, the water surface was comparatively smooth 
w i t h  surges be-tween 0.04 and 0.09 foot, depending on the U s -  
charge, There was no evidence of the prominent boils obsemed in the 
prototype design, Pwre 5. Ithen the canal depth was increased t o  
17 feet  and '700 secmti-feet was released thzwugh the flume, a slight 
hump i n  the water surface was n o w  &ar the flume entrance, ~igure  8. 
Hawever, the! laRlrlanlm surge st the f hum etaff gage was 0.09 foot, or 
the saabe as thst observed for a &Lscbrge of 620 second-feet and a canal 
depth 09 14,l feet. A fluctuation of 0.09 foot in the staff gage read- 
lag repreoents an error in discharge of less than 1 percent, which i s  
well within the accuracy of the theoretical dischargegetables for a 
Parshall f h l l ~ ~ ,  

To determine If further reduction of the surges could be 
obtained, a slotted w a l l  was placed between the baffle pisrs a d  
approach t o  the flune. Tests were ride using Walls D and E having 
s lots  12 and 18 inches wide, Figure 6~ and V. The slotted rall 
slightly reduced the turbulence in the flow entering the flume, 
Figure 9. The flow dcrw~lr~tretna from the slotted wal l ,  appeared more 
uniform especially at the msxinrmn discharge of 700 second-feet. 
Observed wave heights shoved that %he surges in the flcrme were 
further reduced approximately 0.02 foot when the slotted w a l l  was 
used. 

Conclusions and Recommendations 

I'he model study indicated thst the turbulence i n  the f l u e  
was caused by the J e t  from &he gates etrikine; the vertical step at the 
entrance t o  the flume. By replacing the step with a sloping approach 
floor, the boils and surface disturbances were l~lrnteria1l.y reduced. 
Further reduction of the turbulence was obtained by placing a row of 
baffle piers immediately &wnstretpm frola the gate openings, With the 
approach floor and the! baf'flg piers installed in the model, the surges 
a t  the Parshall flume gage were reduced t o  a nm%imm of 0.09 foot, 
This variation bn the gage amants -t;o less than 1 pekent of the tow 
indicated discharge, Mhor ir4pmment of the fluctuating water sur- 
f ace can be obtained by imstalUmg a slotted w a l l  between the baf-f'le 
piers sPld the sloping approach floor. 







To: Regional Engineer 
Through: Head, C a n a l s  Section and Chief, Design Branch 

From: C. G. Liden 

Subject: Observation of flow conditions during test operation of Tule 
River Parshall  fluune--Friant-Kern Canal--Central Valley Project 

A t e s t  operation of the Tule River Parshsll flume on the 
Friant-Kern C a n a l  was made on September 29, 1955 f o r  the purpose of 
observing the flow c0nd through the flume Tor varying d ischrges .  
The following personnel resent during the test: 

Fresno O f f  ice  

Lindsay Office 
T. R. Meyer, Canal Superintendent 
Richarrl Lawrence 
Jack Rosenthal 
Rex M o o r e  

A s  noted i n  correspondence relat ive t o  this matter, it has 
been found that  current meter measurements made during t h i s  year reveal 
t ha t  the flaws through the flume were consistently higher at  releases 
ranging between 240 c f s  and 500 cfs than the theoret ical  rated dis- 
charges. Turbulence of the water and incre'ased amroach velocity a t  
the entrance t o  the flume, msul-bing from increased drop in  the water 
surface across the turnout g ~ t e s  upstream from the flume with greater 
canal depths, have been advanced as the principal factors which have 
caused the var%ation i n  discharge. Fomer current meter nteasurements 
msde i n  3950 indicated clone agreement between the observed flaw arnd 
the rated discharge f o r  a release of 200 cubic f e e t  per second. The 
water depth j.n t h e  canal was 12.5 f e e t  during .the year 1950, whereas 
it was 14.9 f e e t  when the ~ueasu-nts of this year were made. 

I n  tbe l e t t e r  o:P September 20, 1955 t o  the Regional Director 
from Assistant Conaaissioner and Chief Engineer, st~bjec-k "Turbulence i n  
Tule River P a r s U  flume--Friant-Kern CRnrP'I.--Ct?ntreL;1. Valley P m j e ~ t , ~  
It was requested tbt da'ta pertaining t o  f l m e  Gschaxges of 200 c f s  
and 500 c f s  with canal depths at  l2.5 feet and at 15 f e e t  be obtained 
during the test operation. Since it is  necessary Lo keep the canal 
water surface checked an appmxirPate 15.9-foot depth i n  order t o  
sa t ie fy  deliveries t o  t h  Linhore I r r iga t ion  Dirstrict, it w a s  not 
possible t o  run any tes t ' re leases  at a cana.l depth of 12.5 feet. Fur- 
ther, since no current meter iseasurements had been nrade for releases 
lower than 240 cfs, it; was believed that extrapolation of the discharge 



200 cfs could introduce some error. It was thus concluded that the 

I ; lowest flaw t o  be used i n  the t e s t s  should be that corresponding t o  
a head of 2.0 feet. Test releases w e r e  made f o r  discbarges of 243 cfs, 
500 cf s, and 636 cf 6. The canal water depth dropped from 14.9 fee t  t o  
14.0 feet during the t e s t ,  

t 

For the first t e s t  release the turnout gates upstream from 
the flume w e r e  opened u n t i l  a reading of 2.0 fee t  was obtained on the 
stage recorder which measures the head i n  the converging section of 
the flunae. The flow f o r  this head, based on the rarting curve obtajmed 
f ram current meter measurements made i n  1955, was 243 cfe. The theo- 
r e t i c a l  free f lw discharge curve shows the flow for th i s  head t o  be 
175 cfs, which indicates the actual discharge exceeds the theoretical 
by appro-tely 39 percent. The canal  depth was 1.4.9 f e e t  a t  the 
beginning of this test release and had &oped t o  1.4.65 during the 
period the release was held a t  243 cfs. The water surface belaw the 
turnout gates  and upstream from the entrance t o  the flume was f a i r l y  
smooth fo r  t h i s  flow. A drop i n  the water surface estimated t o  be 
approximately 6 inches occurred about 1 foot downstream f mm the 
entrance t o  the flu=. The flow thrcnagh the flume below this point 
was somewhat turbulent, and the depth of flow appeerred t o  vaxy. This 
variation i n  depth was not indicated on the automatdc recorder operated 1 
by the f l oa t  in the stilling w e l l .  Operating personnel stated that a ' I  
plug had been inserted i n  the 4-inch pipe leading t,o %be stilling well ,  
reducing the intake opening t o  3/4 inch in order tal  eliminate the i 

fluctuations of the recorder. During the t h e  the flow was mintained 
at 243 cfs the r e c o ~ r  registered a constant deptb. of 2.0 fee+. 
Observation of the visual depth gage on the left side-of the f1- 
indicated tha t  the depth fluc-t;ue-d between a minimum of 1.95 f ee t  and 
a BDsudmum of 2.20 feet ,  The cr i t icad  dep$h for a f l a w  of 243 cf a 
through the 15-foot throat wmld be 2.03 feet, St thus appears that 
the control may sh i f t  upstream fm thc throat during periods of the 
depth fluctuations and f l o w  a t  crit i lcal depth at a section wider than 
the throat occurs at certain times trhieh would accanult f o r  a f l o w  in 
excess of the theoretical. Based om the difference in the depths of 
water surface a t  the entrance t o  the flume which, 88 noted abwe could 
only be es tba ted ,  the drop i n  w a t e r  surface across the turnout gates 
was indicated t o  be 4.5 to 5.0 feet, ,  It was not poasible to determine 
the turnout gate opening as the ste~ns are fully enclosed and no 
calibrating devices have been proviiied fo r  the gates. 

The .turnout gates were next raised u n t i l  the stage =corder 
registered a head of 3-75 feet whidr corresponds t o  a flw Of  500 cfS 
based on dater obtained froa. 1955 current meter r a e a s u ~ n t s .  The 



head. For the f law a t  t b i s  head the water Burface upstream from the 
flume was turbulent v l t h  a hump or  standlng wave occurring approxi- 
ma-kly 1 foot back of the entrance t o  the flwne. This crest  of the 
hllmp w a s  estimated t o  be 8 inches above the upstream water surface 
and 12 inches above the dawnstream water surface. Observation of the 
flow a t  the surface indicated w a t e r  PPoveaent upstrean! and down~tream 
fram the crest  of the hump. Flaw i n  the flume appeared t o  be soaewhat 
turbulent and water surface had a w h i t e  foazuy appearance immediately 
below the flume entrance. No variation from the 3.75-foot head was 
shown on the automatic recorder. Fluctaations from & minimum of 
3.50 f ee t  t o  a maximum of 4.10 fee t  in the head were indicated on the 
;i&a staff gage.  he c r i t i c a l  iiepth for this quantity a t  ~IE throat 
i s  3.26 feet. It is  thus indicated that the control remains a?.! the 
throat fo r  releases at this stage. The depth of water in the canal 
dropped from 14.65 feet t o  14.3 feet during the period release of 500 
c f s  was made. Based on e s tha t ed  differences in water surfaces, it 
appears tha t  the drop i n  water surface across the turnout gates was 
between 2.0 feet and 2.5 feet. 

The turnout gates were then raised t o  fuU. opening and fo r  
this condition the automatic stage recorder indicated the head on the 
flume t o  be 4.64 feet.  No current meter measurements have been made 
f o r  a f l a w  of this magnitude. Extrapolation of the discharge curve 
based on current meter measure=nts indicated the flow t o  be 636 cfs. 
No'points f o r  this curve have been obtained f o r  heads in excess of 4.0 
f ee t  and it i s  thus evident that  the actual  discbarge may be appreciably 
different than this flow. The theoretical free flow discharge cuwe 
chows t h e  f l o w  t o  be 673 cfs for this head, For this condition of 
f l aw ,  the water surface upstream from the entrance to  the flume appeared 
level and no standing wave or  hump was noted. Just  below the entrance 
t o  flume the water surface dropped rtll estimated 8 inches. There was 
no w h i t e  foaa on the water surface i n  the flume. The automatic recorder 
indicated a constant head of 4.64 f ee t  during the period of the t e s t  
a t  this flow. f\. head variation from a minima of 4.50 fee t  t a  a 
mRxrmuw of 5.10 feetwas indicated from observation of the visual staff 
gage. For a f lov of 636 c f s  the c r i t i c a l  depth through the throat 
i s  3.83 feet. Based on these ask, it appears -hat control remains at  
the throat f o r  this flow. The depth of waJ,cr i n  the c ' d  dropped f rora 
1&.3 f e e t  t o  14.0 f ee t  during the period of this test flaw. It w a s  
estimated that the drop i n  water surface across the turnout gates was 
between 1.0 foot and 1.5 feet.  



0bservati.on of the Tule River Psr~hall flume during test 
discbarges on September 29, 1955 indicates that, under operation at  
canal depths of approximately 15.9 feet, sane turbulence occurs a t  
flows i n  the range from 240 c f s  t o  640 cfs. A rather wide 
variation i n  flow between the theoretical and actual at  the lower 
discharges has been noted. Based on observed flume heads at an 
actual flow of 243 cf s, it appears that control nay sh i f t  upstman . 
from the throat and flow at c r i t i c a l  depth may occur Zn a section 
somewhat wider than the throat. An appreciable velocity of approach 
t o  the flune may exist a t  this discharge which could cause such a 
condition of flow i n  the flume. For actual  flows of 500 cfs and 
636 cfs,  the observed flume heads are appreciably greater than 
coqputed c r l t i c a l  depths at the throat for  these discharges. Fair ly 
close agreement between theoretical and actual  discharges is indicated 
f o r  these flows, and it t h u s  appears that the velocity of approach 
does not affect the operation of the flume t o  such a marked degree 
within this range of' discharges. 

/s/ C. G. Liden 

Noted: W. J. McCrystle # 10-7-55 
(Regional Engineer) Date 





F I G U R E  2 

1 ' 1 0 ~  a t  ver t ica l  step 1 2 1 0 ~  in flume 
Q = 233 c-fs 

T U L E  HIVEH P A H S H A L L  F L U M E  
Operatiorl of Prototype 











F I G U R E  7 

. DESIGN 5  

Q = 250 cfs. d = 14.8' 

Q = 5 0 0  cfs. d = 14.4' 

T U L E  RIVER P A R S H A L L  F L U M E  
Opera t ion  of Design 5 

1:18 Model 



DESIGN 5-5a 

Q = 250 cfs .  d = 14.81 2 = 500 cfs.  d = 14.4'  

Q = 620 c is .  d = 14.11 Q = 700 cfs .  d = 17. 0' 

TULE RIVER PARSHALL F L U M E  
Operation of Design 5-5a 

(Recommended) 
1:18 Pvlodel 



FIGURE 9 

DESIGN 5-D-5a 

Q = 250 c fs .  d = 14 .8 '  Q = 500 cfs. d = 14.4'  

Q = 610 cfs. d = 14.1 '  Q = 700  cfs. d = 17.0' 

TULE RIVER PARSHALL FLUME 
Operation of Design 5-D-5a 

1 : 18 Model 




